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This invention relates to alumina and to catalytic com-
positions and processes based thereon. More particular-
ly, it relates to hydrous aluminas and to an improved
method for the preparation thereof.

Alumina is one of the most commonly employed bases
or ‘supporting materials for catalytically active sub-
stances, and numerous methods have been developed for
its preparation.. One convenient method involves the
reaction of amalgamated aluminum with water, as de-
scribed by Lewellyn Heard in U. S. Reissue Patent
22,196, issued October 6, 1942. The said reaction yields
a product which is either a fluid, transparent alumina
hydrosol or an aqueous slurry of alumina monohydrate,
Al,053H,0, depending upon whether a peptizing agent
such as a weak organic acid is respectively present within
the reaction mixture (as in the Heard technique) or ab-
sent therefrom. In either event, solid, hydrous alumina
is conveniently prepared from the reaction product by
gelling and/or drying and calcining at elevated tempera-
ture.

Alumina monohydrate or hydrosol prepared according
to the Heard technique always contains a small propor-
tion of entrained mercury, generally of the order of §
to 50 parts per million. When such materials are sub-
jected to drying and calcining, the mercury is volatilized,
and the resulting vapors, escaping from the calcining
zone, give rise to a serious health hazard, requiring the
exercise of extreme measures to-avoid harm to operating
personnel. An object of my invention is to eliminate
the dangers and difficulties associated with the presence
of mercury in alumina monohydrate and alumina hydro-
sols. Another object is to prepare alumina compositions
in a more convenient and expeditious manner. A further
object is to prepare alumina compositions of improved
physical and chemical properties. Another object is to
prepare alumina-based catalysts having improved cata-
lytic properties.- Another object is to improve the cata-
lytic  conversion of hydrocarbons, more particularly the
hydroforming of petroleum naphthas in the presence of
alumina-supported platinum catalysts. These and other
ob]ects of my invention will be apparent from the follow-
ing description’ thereof.

I have discovered that the conversion of metalhc alu-
minum into hydrous alumina can readily be effected by
digesting aluminum with water in the presence of gallium.
The resulting alumina hydrosol or alumina monohydrate,
being free from mercury, does not give rise to the mer-
cury-vapor hazard during drying and calcining, and no
corresponding hazard results from entrained gallium,
since gallium boils at around 3600° F., compared with
only 675° F. for mercury. '

In one embodiment of my invention, metallic alumi-
num in any convenient form such as pellets, granules,
turnings, or the like is introduced into a closed reaction
vessel having a perforated false bottom, a vented top, and
means for blanketing the free space therein with hydro-
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gen to prevent access of air. The aluminum is precondi-
tioned by pumping into the reaction vessel a dilute
aqueous solution of gallium chloride, bromide, sulfate,
nitrate, iodide, or other water-soluble gallium salt and
allowing the mixture to stand for around 5 minutes at
ordinary temperatures, at the end of which time a surface
coating of gallium or gallium-aluminum alloy will ordi-
narily have been deposited by exchange with the alumi-
num. The treating solution is then drawn off, residual
salts are washed from the aluminum with water, and the
reactor is filled to the desired level with an aqueous solu-
tion containing from about 1 to 5 per cent of acetic acid.
The reaction mixture is heated to a temperature above
about 140° F. to induce vigorous reaction, temperatures
between about 150 and 190° F. being highly satisfactory.
The reaction is quite exothermic, and the temperature is
easily maintained within the chosen range. The alumi-
num is converted by the reaction into a fluid, practically
transparent alumina hydrosol, the reaction being ordi-
narily completed in less than about 24 hours—e. g.,
around 6 to 12 hours in most cases. The reaction mix-
ture is filtered, centrifuged, settled and decanted, or
otherwise treated to remove residual gallium, aluminum,
and/or solid alumina hydrates. The purified hydrosol
can be gelled if desired by adding ammonium hydroxide,
ammonium carbonate, & weak non-contaminating acid,
or other non-contaminating electrolyte. The hydrosol
or gel is finally dried and calcined according to well-
known procedures to produce hydrous alumina in solid
form. If desired, catalytic metals or metal compounds
can be incorporated in the hydrosol prior to gelling, or
in the gel prior to drying and calcining.

In a modification of the above embodiment of my
invention, the acetic acid is omitted from the reaction
mixture and the temperature is maintained preferably
near the boiling point. As a result, the aluminum is
converted into a creamy, filterable slurry of alumina
monohydrate. The slurry can be filtered, centrifuged, or
settled and decanted, and the separated alumina mono-
hydrate.can be dried and calcined, yielding solid, hydrous
alumina. Catalytic adjuvants can be added at any de-
sired stage of this procedure.

In another embodiment, substantially pure (99.95 per-
cent or over) aluminum metal is reacted with an aqueous
solution containing 1 to 5 percent acetic acid, 1 to 2
percent gallium acefate, and chloroplatinic acid in an
amount equal to between about 0.01 and 1 percent, pref-
erably 0.1 and 1 percent, of the aluminum, calculated as
dry Al,O;. The resulting platinum-alumina hydrosol is
separated from the gallium and unreacted aluminum, and
is commingled with a promoting adjuvant such as a
silica hydrosol or preferably a halogen or hydrogen
halide. Halogen and hydrogen halide are suitable in
proportions between about 0,1 and 8 percent of halogen
based upon dry Al,Ojz, but fluorine and hydrogen fluoride
are preferred, in proportions between about 0.1 and 3
percent F. The mixture of hydrosol _and promoter is
gelled, dried, and calcined, and a catalyst is obtained of
exceptionally desirable properties in the hydroformmg
of hydrocarbons.

Numerous modifications in the various steps of my
process will be apparent to those skilled in the art. For
example, the activation of the aluminum metal with
gallium can be effected by contacting the aluminum with
metallic gallium, or with a dispersion of gallium sub-
oxide, sesquioxide, hydroxide, or the like in a dilute
aqueous solution of a weak organic acid, yielding a
gallium-aluminum couple or alloy. The gallium treat-
ment can be carried out in a separate vessel, and the
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treated aluminum can be transferred continuously or in-
termittently into the reaction vessel. The gallium treat-
ment and the reaction with water need not be effected
as separate operations, but.can be conveniently carried
out together, for example, by reacting, metallic aluminum
at. elevated temperature with.an aqueous. solutlon of a
sufficient quantity of a gallium salt in the presence or
absence of a weak acid. The gallium treatment and/or
the subsequent reaction of the. galhum-actlvated alumi-
num with water can be carned out under conditions of
reduced or elevated pressure, so long as the temperature
of the reaction mixture. is malntamed at a sufficiently
high level to effect the desired reaction. A portion of
the reaction menstruum.can be contmuously or . inter-
mittently withdrawn and rec1rcu1ated to agitate the mix-
ture and to prevent setthng "The reaction product can
be freed from gallium by selectlve settling and/or by
contacting with a fresh quantity of galhum-treated alumi-
num, the latter technique being espec1a11y useful in con-
nection with the punﬁca’non of alumina monohydrate
slurries. Other modifications will occur to those skilled
in the art.

In general, it can be said that the gallium activation
of aluminum according to my invention can be carried
out by contacting the aluminum with metallic gallium
or with any galhum compound capable of liberating me-
tallic gallium in contact with aluminum under the condi-
tions employed Effective pretreatment can be achieved
with quite low proportions of gallium—e. g., between
about 0.1 and 2 percent by weight, based on aluminum,
preferably between about 0.5 and 1 percent.

in the preparation of an alumina hydrosol according
to my invention, the digestion is carried out with an
agueous solutlon of a weak acid, preferably a weak
organic acid having an ionization comstant at 20° C.
less than about 10-3. Sultable acids include formic acid,
acetic acid, propionic acid, succinic. acid, malic acid,
chloroacetic acid, oxalic acid, tartaric acid, and the like.
1 ordinzrily employ acids in a concentration between
abzut 0.5 and 5 percent by weight, preferably around
2 percent by weight. The treating solution may option-
ally contain an added organic solvent, such as methanol,
ethanocl, acetone, acetaldehyde, or the like, as taught in
Heard U. S. Patent 2,696,474 (December 7, 1954).

Alumina hydrosols prepared according to my inven-
tion can be gelled by the simple. technique of drying, or
by addition of an electrolyte such as ammonium hy-
droxide, ammonium chloride, ammoniom acetate, am-
moenium oxalate, ammonium tart*ate, ammonium car-
bonate, or the like, preferably in a sufficient quantity to
procduce a pH between about 5 and 8.5. Under these
conditions, a v1brant ultragel is produced, retaining all
of the water present in the hydrosol.

Alumina gels, alumina uvltragels, or alumina mono-
hydrate obt:zmed according te my invention is preferably
dried at least in. part at a temperature between about
200 and 4C0° F. for a period between about 4 and 24
hours. The resulting cake is then calcined at a tempera-
ture between about 800 and 1200° F. for around 2 to
8 hours or more.

A wide variety of catalytic substances can be incorpo-
rated in my zlumina composition at any stage in its
meanufacture. Among such substances are manganese,
iron, cobalt, mickel, copper, silver, pailadium, platinum,
tungsten, vanadium, zirconium, molybdenum, and
others, as well as oxides, sulfides, and other compounds
thereof, and mixtures of such substances. These ma-
terials may conveniently be added to the undried alumina
in the form of soluble salts of weak organic acids, soluble
halides, nitrates, aluminates, soluble oxides, ammoninm
or other quasimetal salts of acids containing the catalytic
substance, or the like, preferably in aqueous solution.
As illustrative examples, aqueous solutions can be em-
ployed containing ammonium molybdate, chloroplatinic
acid, platinum tetrachloride, nickel formate, cobalt
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acetate, ammonium chromate, ammonium vanadate, and
the like. The ammonium salts are especially desirable,
since such salts are decomposed during the calcining
operation, the ammonia being liberated and driven off
as a gas, and the desired catalytic metal being deposited
as the oxide thereof in the alumina. Alternatively, the
desired catalytic substances can be added to the alumina
after the drying and/or calcining steps by impregnation,
using an aquecus solution, or by mechanical admixture.

My alumina or catalytic mixtures based thereon can
be prepared in any desired mechanical form according
to the specific process for which it is intended. Either
before or after calcination it can be broken into lumps
or granules, or it can be ground into a fine powder,
suitable for use for example in the suspensoid or fluidized-
solids processes. Alternatively, the alumina composition
can be formed into pills, pellets, or other suitable shapes,
preferably prior to the calcination step. In this case,
the partially dried material is,ground to a. powder, pref-
erably small enough to pass through a 30-mesh screen,
a suitable lubricant is added, such as stearic acid, rosin,
hydrogenated coconut oil, graphite, or the like, and the
mixture is shaped by extrusion, compression in a pilling
machine, or otherwise according to methods well known
in the art. Pills having dimensions ranging from about
18" x 18" to V5" x V4" are highly satisfactory for most
purposes. The shaped masses are then ordinarily
calcined, as set forth above. ‘

The following specific example will more fully illus-
trate my invention:

Into a S5-liter. flask. were placed 2,230 milliliters of
distilled water, 43 milliliters of -acetic acid, 63.6. grams.
of aluminum pellets, and 0.6 gram of metallic gallium,
and the mixture was stirred and heated to 160° F. The
initial reaction rate was very great, of the order of twice
the rate observed in a conventional preparation using
mercuric oxide to amalgamate and activate the alumi-
num. When the reaction reached 90 percent of com-
pletion, based on the conversion of aluminum,. the rate
had dropped sharply, and the run was terminated. The
alumina hydrosol; on being separated from the residual
aluminum and gallium, was found to be of normal vis-
cosity and color.

The completed hydrosol was used to prepare a plati-
num-alumina catalyst according to. the following pro-
cedure. A platinum solation was prepared by dissolv-
ing 1.52 grams of chloroplatinic acid in 600 milliliters
of distilled water, then adding 1 milliliter of aqueous 23
percent ammonium sulfide solution. The entire platinum
solution was added to 1,803 grams of the alumina hy-
drosol, prepared as described above, equivalent to 101
grams -of Al,O;. The resulting mixture was gelled by
adding 120 milliliters of aqueous 10 percent ammonia.
The gel was dried overnight at 220° F., then. calcined
3 hours at 950° F. The calcined cake was ground to
pass 30 mesh, lubricated with 4 percent of Sterotex (a
hydrogenated coconut oil), formed into ¥’ pellets, and
calcined in air for 6 hours at 1100° F.

The completed platinum-alumina catalyst, containing
0.6 percent by weight of platinum, was subjected to a
screening test to measure its activity as. a hydroformlng
catalyst. The test was carried out on a 90 percent dis-
tillate fraction of a Mid-Continent virgin naphtha, the
said fraction having an index of refraction . (np2®) of
1.4179. The charging stock was vaporized in a stream of
hydrogen and passed at one atmosphere through a care-
fully measured portion of the catalyst, maintained at the
temperature (833° F.) of boiling sulfur. The product
corresponding to a unit volume of feed was collected,
measured, and tested for index of refraction as a measure
of the aromatizing power of the catalyst.  For compari-
son, an identical test was run on an 0.6 percent platinum-
alumina catalyst prepared from an alumma hydrosol
which had been made by the Heard techmque (U. S. Re-
issue Patent 22 19(3 referred.to above), employing amal-
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gamated aluminum. The results of duplicate tests on
each of the catalysts were as follows:

Product Product
Hydrosol Preparation Index, Yield,

nptd Volume

Percent
Gallium 1.4518 79.5
Gallium__.._______ 1. 4490 80.5
Mercury....___ 1,4496 80
Mereury... 1.4528 78

My improved alumina and catalysts compositions based

“thereon are broadly useful in hydrocarbon-conversion re-

actions, the application of choice depending upon the
specific catalytic adjuvant incorporated therein. Spe-

.cifically, my catalysts are useful for reforming, isomeri-

zation, hydrogenation, hydrocracking, dehydrogenation,
oxidation, polymerization, condensation, and other re-
actions known in the art, as taught for example in Heard
Reissue Patent 22,196 and in Haensel Patents 2,479,109
and 2,479,110 (August 16, 1949). The required process-
ing conditions depend upon the specific reactions and the
charging stocks involved, and can be determined from
the teachings of the prior art.

My improved alumina is especially advantageous as a
supporting material for platinum catalysts for use in the
reforming of hydrocarboms. Such' catalysts, ordinarily
containing between about 0.1 and 1 percent by weight of
platinum, based on dry Al,Os;, are especially effective in
the treatment of feed stocks consisting essentially of a
virgin naphtha, a cracked naphtha, or a mixture thereof,
boiling within the range of about 100 to 425° F., and
preferably within the range of about 180 to 375° F. In
carrying out the hydroforming process, the charging
stock is vaporized and contacted with the catalyst at a
temperature within the range of about 800 to 1000° F.,
the average temperature throughout the catalyst bed be-
ing maintained within the range of about 875 to 975° F.,
preferably around 900 to 950° F. The process is op-
erated at a pressure within the range of 100 to 1,000
pounds per square inch, preferably from about 200 to
500 pounds per square inch, and at a liquid hourly veloc-
ity between about 0.5 and 5, preferably between about
1 and 2. Hydrogen is included within the reaction zone,
ordinarily by recycle, in the range of about 2 to 8 moles
of hydrogen per mole of feed, preferably between about
3 and 6 moles per mole.

My new catalysts can be employed in any of the con-
ventional types of equipment known to the art. I may,
for example, employ the catalysts in the form of pills,
pellets, granules, broken fragments, or various special
shapes, disposed as a fixed bed within a reaction zone,
and the charging stock may be passed therethrough in the
liquid, vapor, or mixed phase, and in either upward or
downward flow. Alternatively, I may prepare the cata-
Iyst in a suitable form for use in moving beds, in which
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the charging stock and catalyst are preferably passed in
counter-current flow; or in fluidized-solid processes, in
which the charging stock is passed upward through a
turbulent bed of finely divided catalyst; or in the suspen-
soid process, in which the catalyst is slurried in the charg-
ing stock and the resulting mixture is conveyed into the
reaction zone, The reaction products from any of the
foregoing processes are separated from the catalyst,
vented to atmospheric pressure, and fractionated to re-
cover the various components thereof. The hydrogen
and unconverted materials are recycled as desired.

While I have described my invention with reference to
certain specific embodiments thereof, it is to be under-
stood that such embodiments are illustrative only and
not by way of limitation. My invention is broadly useful
and operative as detailed hereinabove, and numerous
modifications and equivalents will be apparent from the
disclosure to those skilled in the art.

In accordance with the foregoing description, I claim
as my invention:

1. A method for preparing alumina from aluminum
which comprises reacting aluminum metal with water in
the presence of about 0.1 to 2 percent by weight of
gallium as catalyst, at a temperature above about 140° F.
for a time sufficient to form hydrous alumina.

2. The method of claim 1 wherein said water contains
between about 0.5 and 5 percent by weight of an organic
acid having an jonization constant less than about 103
at 20° C.

3. The method of claim 1 including the steps, after
formation of said hydrous alumina, of separating said
hydrous alumina from the resulting reaction mixture,
drying and calcining.

4. The method of claim 1 including the step, after for-
mation of said hydrous alumina, of incorporating
platinum therein.

5. A method for preparing alumina from aluminum
which comprises reacting aluminum metal with water in
the presence of about 0.1 to 2 percent by weight of gallium
as catalyst at a temperature between about 150° and
190° F. for a time sufficient to form hydrous alumina.

6. A method for preparing alumina from aluminum
which comprises reacting aluminum metal with water
acidulated with a weak organic acid in the presence of
about 0.1 to 2 percent by weight of gallium as catalyst
at a temperature between about 150° and 190° F. for a
time sufficient to form alumina hydrosol, separaiing said
alumina hydrosol from residual solids, gelling said hy-
drosol, and drying and calcining the resulting gel.
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